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1. INTRODUCTION 

The developments in power electronics and semiconductor technology have triggered the 
improvements in power electronic systems. The multilevel inverter has many advantages compared to the 
typical voltage source and current source inverters and the converter is widely used in photovoltaic systems 
and electric vehicle applications [1],[2]. For a typical inverter structure, large passive components such as 
capacitor and inductor are required and consequently, the cost is increased [3],[4]. Three general types of 
multilevel inverters are usually referred, i.e., flying capacitor, diode clamped and H-bridge [5]. Flying 
capacitor type is not widely used because of the presence of high number of capacitors, meanwhile, diode 
clamped type is high cost of implementation compared to flying capacitor and cascaded H-bridge types [6]. 
Cascaded H-bridge multilevel inverter is simpler than diode clamped and flying capacitor types due to 
several advantages such as automatic voltage sharing, low switching stresses, low switching redundancy and 
requirement of least number of components, lower voltage of capacitors and diodes [7]. In Cascaded H- 
bridge multilevel inverter, only three output voltage levels can be produced. More bridges are required in 
order to produce higher voltage level, consequently the number of switching devices are increased as well 
[8],[9]. This may cause high semiconductor devices losses due to high number of semiconductor devices 
used. This drawback can be overcome by using multilevel inverters structure with reduced number of 
switching devices [10]. Generally, there are two topologies must be considered in order to achieve the 
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reduction of switching devices number with maintaining the output voltage level as the conventional 
structures, i.e., symmetrical and asymmetrical multilevel inverter structures [11]. With these structures, 
semiconductor devices losses and total harmonic distortion (THD) can be reduced [12]. Two different 
modulation techniques are considered in this study, i.e., modified square pulse width modulation (MPWM) 
and sinusoidal pulse width modulation (SPWM). The selection of modulation techniques will affect the THD 
of the output voltage [13],[14]. 


2. DESIGN OF SYMMETRICAL MULTILEVEL INVERTER STRUCTURE WITH REDUCED 
NUMBER SWITCHING DEVICES 
Figure 1 shows the symmetrical multilevel inverter structure circuit with reduced number of 
switching devices. With this structure, the switching devices are reduced without affecting the output voltage 
levels as compared to the conventional structure. It is demonstrated that this structure comprises of two 
essential parts, i.e., DC sources, H-bridge structure for creating positive and the negative output voltages. 
The output voltage levels can be increase as conventional structure as well. 





Figure 1. The Symmetrical Structure of Multilevel Inverter 


The level number of output voltage is determined by referring Equation (1). Meanwhile, the 
switching devices number used in the structure is determined by referring Equation (2). Besides, the 
maximum and minimum values of the generated output voltage are estimated by referring Equation (3) and 
Equation (4). 


Neevel= 2k + 1 (1) 
Snumber = k + 4 (2) 
Vi_max = kVac (3) 
Vi_min = -kVac (4) 


where k is the number of source. 


3. DESIGN OF ASYMMETRICAL MULTILEVEL INVERTER STRUCTURE BASED 

Figure 2 shows two cascaded structures of the multilevel inverter. It consists of eight numbers of 
switching devices and the output voltage level can be 7-level and to 9-level for asymmetrical based structure. 
The number of switching devices used in the structure can be estimated by referring Equation (5). 
Meanwhile, the maximum and minimum of output voltages generated can be estimated by referring Equation 
(6) and Equation (7), respectively. 


Snumber = 4k (5) 
Vi max = KVae So Vacl (6) 
Vi min = -kVac = Vacl (7) 
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Figure 2. The Asymmetrical Structure of Multilevel Inverter 


4. EXPERIMENTAL RESULTS 

This section analyzes the results from simulation and experiment. The simulation and experimental 
results are analyzed to confirm the designed parameters and structures of the symmetrical and asymmetrical 
structures of multilevel inverter. 


4.1. Conventional Inverter 

The structure used four switches and the output voltage level for this structure is 3-level. Two 
different modulation techniques are used in the experiment, i.e., modified square pulse width modulation 
(MPWM) and sinusoidal pulse width modulation (SPWM). Figure 3 shows the switching pattern by using 
MPWM. For switching pattern, switches Sland S4 used same switching pattern and another switches $2 and 
S3 with 180° of phase-shifted and equivalent to time-delayed of 10 ms. The switching frequency is 50 Hz. 
Figures 4(a) and 4(b) show a good agreement between simulation and experimental results. From these 
results, the design principle is confirmed for the conventional inverter structure with MPWM. 
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Figure 3. Switching Pattern for Cascaded Inverter Structure by Using MPWM 
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Figure 4. Output Waveform from Cascaded Structure by Using MPWM 
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Meanwhile, Figure 5 shows switching pattern of SPWM. The reference frequency is 50 Hz and the 
carrier frequency is 30 kHz. The SPWM technique used is phase opposition disposition (POD). Figures 6(a) 
and 6(b) show the output voltage waveforms of the experimental and simulation results, respectively. Both 
results show a good agreement between experimental and simulation results. 
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Figure 6. Output Waveform from Cascaded Structure by Using SPWM 


4.2. Symmetrical 7-level Multilevel Inverter 

The selected structure, Figure 1, is considered in the symmetrical 7-level multilevel inverter 
structure. The inverter structure is considered for two modulation techniques, i.e., MPWM and SPWM. The 
structure only used seven switches in order to produce 7-Level of the output voltage. Figure 7 shows the 
switching pattern in MPWM. Switching signals for S1, S2 and S3 use switching frequency of 100 Hz. The 
duty cycle for S1 is 0.3. Meanwhile, the duty cycles for S2 and S3 is 0.15, respectively. For the switching 
signals SA, SB SC and SD, the switching frequency is 50 Hz with the duty cycle of 0.5. Figures 8(a) and 8(b) 
shows the output voltage waveforms of the experimental and simulation results, respectively. Both results 
show a good agreement. Thus, the designed parameters of the inverter are confirmed. 
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Figure 7. Switching Pattern by Using MPWM for Symmetric Multilevel Inverter 
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Figure 8. Output Waveform From Symmetrical Structure Using MPWM 


Another modulation technique used is SPWM with phase opposition disposition. Figure 9 shows the 
switching pattern of the SPWM. The reference frequency is 50 Hz and the carrier frequency is 30 kHz. The 
experimental and simulation results show a good agreement as depicted in Figure 10 for the symmetrical 7- 
level multilevel inverter. The peak-peak voltage is 180 V with 50 Hz of frequency. 
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Figure 10. 7-level Symmetrical Structure Output Voltage Waveform Using SPWM 


4.3. Asymmetrical 9-level Multilevel Inverter 

The asymmetrical 9-level multilevel inverter structure, Figure 2, is selected for the asymmetrical 
based structure. The selected structure uses two cascaded circuit with eight number of switches, Figure 2. 
The output voltage level can be produced with this structure is nine. All switching frequencies used is 50 Hz. 
For the switches S1 and S82, the duty cycle is 0.06 and 0.18, respectively. Meanwhile, for the switches S3 and 
S4, the duty cycle used is 0.06. For the switches S5 and S6, the duty cycle is 0.5 and for S7 and S8, the duty 
cycle used is 0.312. Figures 11(a) and 11(b) show the output waveforms from the simulation and 
experimental results. Both results show a good agreement for the parameters designed confirmation. The 
peak-peak voltage is 80 V and the output frequency is 50 Hz. 
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Figure 11. Output Waveform from Asymmetrical Structure Using MPWM 


4.4. Total Harmonics Distortion 

The total harmonics distortion (THD) is measured before filter the output voltage. Figure 12 shows 
the frequency spectrum of the conventional 3-level inverter using two modulation techniques, MPWM and 
SPWM. By using SPWM technique (40.92%), the THD is lower than MPWM technique (48.32%). 
Meanwhile, Figure 13 shows the frequency spectrum and THD of the symmetric 7-Level multilevel inverter 
using SPWM technique (14.94%) is lower than using MPWM technique (16.45%). 
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Figure 13. Frequency Spectrum for Symmetrical 7-level Multilevel Inverter 


Figure 14 shows the THD of the output voltage waveform of the asymmetric 9-Level multilevel 
inverter using MPWM technique. The THD is 15.22% which is much lower than 3-Level conventional 
inverter using MPWM with THD of 48.32%. Table | shows the percentage of THD with number of output 
voltage level. 
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Figure 14. Frequency Spectrum for Asymmetrical Structure 9-level 


Table 1. Comparison between Numbers of Output Voltage Level with Total Harmonics Distortion 








Number of output voltage levels Output voltages %THD of output voltages 
3-level MPWM 60 V 48.32 
3-level SPWM 60 V 40.92 
7-level MPWM 90 V 16.45 
7-level SPWM 90 V 14.94 
9-level MPWM 40 V 15.22 





Figure 15 shows the relationship between the number of switches and output voltage level. 3-Level 
conventional inverter structure, it requires four switches. For the 7-level multilevel inverter structure, it 
requires of switches less from the conventional structure and similar goes to the 9-level multilevel inverter 
structure compared to the conventional structure. This trend shows that when higher output voltage level is 
considered, the required of switches is increased as well. Reduced switches structures offer fewer number of 
switches compared to the conventional structure by considering both structure have same output voltage 
level. 
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Figure 15. Relationship between Number of Switch and Number of Voltage Level 


Figure 16 shows the relationship between voltage stress and number of output voltage level. 
Reduced switch structure of inverter has lower voltage stress on switches compared to the conventional 
structure. For the conventional structure, the voltage stress is always same when the output voltage level is 
increased. Meanwhile, for the reduced switch structure, voltage stress is reducing as increasing of the voltage 
level. 
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Figure 16. Relationship between Voltage Stress and Number of Voltage Level 


CONCLUSION 
Based on the simulation and experimental results, the implementation of multilevel inverter with 


reduced number of switches and improved cascaded multilevel inverter for symmetrical and asymmetrical 
inverter structures, respectively. From the study, it proves that by considering the reduction of switches 
number, semiconductor losses and THD is reduced and furthermore, the output voltage level is not affected. 
Meanwhile, by reducing switching devices, the output voltage level can be maintained and it realizes by 
implementing the asymmetric and symmetric topologies of the inverter structure. 
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